Introduction {#Sec1}
============

A novel coronavirus (SARS-CoV-2) has been identified as originating in Wuhan, Hubei province, China \[[@CR1]\]. It has widely and rapidly spread in China and several other countries, causing an outbreak of COVID-19 \[[@CR2]\]. Although the population is generally susceptible to SARS-CoV-2, most of the patients who need to be admitted to hospital are elderly or with chronic underlying diseases \[[@CR3]\]. Clinical observations have found that many elderly patients with COVID-19 are at risk of malnutrition or co-malnutrition. Moreover, SARS-CoV-2 can attack the mucosal epithelium and cause gastrointestinal symptoms, which further damage the nutritional status of elderly patients \[[@CR4]\]. In order to scientifically evaluate the nutritional status of elderly patients with COVID-19, we conducted the cross-sectional study. To our knowledge, this is the first study to evaluate the state of nutrition in elderly patients with COVID-19.

Subjects and methods {#Sec2}
====================

Subjects {#Sec3}
--------

This cross-sectional study was performed in COVID-19 patients admitted to sino-french new city branch of Wuhan Tongji Hospital from January to February 2020. All patients were confirmed with 2019-nCov infection by real-time PCR and next-generation sequencing. Ineligibility criteria were as follows: (1) Age \<65 years; (2) Incomplete questionnaire; (3) Incompatible with anthropometry; (4) Severe hepatic dysfunction; (5) Severe renal dysfunction. Overall, 182 patients were included in the analysis (Fig. [1](#Fig1){ref-type="fig"}). This study was conducted according to the World Medical Association Declaration of Helsinki and was approved by Ethics Committee of China-Japan Friendship Hospital. Written informed consent was obtained from all subjects.Fig. 1Flow of patients in the study.

Demographics, comorbidities, and laboratory values {#Sec4}
--------------------------------------------------

Demographic characteristics, such as patient age and sex, were extracted from the electronic medical record. The comorbidities were determined by patients' reports of past medical history diagnosed hypertension, diabetes mellitus, cerebrovascular disease, cardiovascular disease, chronic lung disease. Blood tests drawn on admission were extracted from the electronic medical record including albumin and blood count (hemoglobin and lymphocyte count).

Anthropometric measures {#Sec5}
-----------------------

Anthropometric measures were taken by a trained medical graduate and measured as per the standard measurement guidelines \[[@CR5]\]. Body height (to the nearest 0.1 cm) and weight (to the nearest 0.1 kg) in light indoor clothing were measured. Body mass index (kg/m^2^) was calculated. Skin-fold thickness, which was measured using Harpenden caliper, was calibrated to the accuracy of ±1 mm. For mid-arm circumference, triceps skin-fold thickness, and calf circumference, average of left and right side measurements was considered for analysis.

Nutritional assessment {#Sec6}
----------------------

MNA was developed for the elderly specifically and consisted of 18 questions \[[@CR6]\]. In the dietary questionnaire section of the MNA, the cheese item, due to extremely infrequent consumption among Chinese, was replaced by soymilk and peanut milk while other items remained the unchanged. Questionnaire assessments were completed through face-to-face interviews and were performed by the staff trained well in formal nutrition surveys. Nutritional status was assessed considering the following cutoff points: \<17 points (malnutrition); 17--23.5 points (risk of malnutrition) and 24--30 points (non-malnutrition) \[[@CR7], [@CR8]\].

Statistical analysis {#Sec7}
--------------------

Continuous variables were expressed as mean ± SD. Categorical variables were expressed as absolute values and percentages. Paired student's *t*-test, chi-square, ANOVA and Fisher's exact tests were used to compare values of variables between groups. Bonferroni test was used for correction of multiple testing errors of results from ANOVA. Pearson's chi-square (χ^2^) test or Fisher's exact test were used to assess the association between each of the discrete variables and patients' malnutrition status. Factors associated with malnutrition in the univariate analysis (*p* \< 0.10) were then included in multivariable regression model. Stepwise selection method for logistic regression model was used to identify the independent risk factors. Statistical tests were considered significant if *P* \< 0.05. All statistical analyses were performed in SPSS (V.22.0, IBM, Chicago, USA).

Results {#Sec8}
=======

Among 182 patients, 65 were male and 117 were female, with mean age 68.5 ± 8.8 years old. Average MNA score was 22.9 ± 2.8. Across all patients, 52.7% (*n* = 96) were malnourished, 27.5% (*n* = 50) were at risk of malnutrition. There was no difference in age, gender composition, and comorbidities among the three groups. In terms of anthropometry, there were also no differences in triceps skin-fold thickness and mid-arm circumference. There were statistical differences in the incidence of comorbid diabetes mellitus, body mass index (BMI), calf circumference, albumin, hemoglobin, and lymphocyte counts among the three groups. The basic demographic, comorbidities, anthropometry, and laboratory values of all enrolled patients showed in Table [1](#Tab1){ref-type="table"}.Table 1Clinical features of the three groups.FeaturesAll included patients (*n* = 182)Non-malnutrition (*n* = 36)Risk of malnutrition (*n* = 50)Malnutrition (*n* = 96)F 或χ^2^ value*P* valueMNA score22.9 ± 2.826.4 ± 1.421.5 ± 1.315.1 ± 2.56.1350.018Age(years)68.5 ± 8.868.1 ± 8.169.5 ± 7.369.8 ± 8.21.3680.137Sex(M/F)65/11714/2217/3334/621.1820.638Hypertension (%)29 (15.9)5 (13.9)8 (16.0)16 (16.7)1.0360.725Diabetes mellitus (%)51 (28.0)6 (16.7)11 (22.0)34 (35.4)6.5270.015Cerebrovascular disease (%)17 (9.34)3 (8.33)5 (10.0)9 (9.38)2.3370.532Cardiovascular disease (%)19 (10.4)4 (11.1)5 (10.0)10 (10.4)1.0280.768Chronic lung disease (%)15 (8.24)3 (8.33)4 (8.00)8 (8.33)0.6830.825BMI (kg/m^2^)24.8 ± 4.125.6 ± 3.023.3 ± 3.421.1 ± 3.64.1060.035Triceps skin-fold thickness (mm)15.6 ± 8.116.8 ± 7.215.7 ± 6.914.9 ± 7.31.6320.126Mid-arm circumference (cm)28.2 ± 3.728.7 ± 2.827.6 ± 3.326.5 ± 3.22.6790.379Calf circumference (cm)31.8 ± 6.133.4 ± 5.631.2 ± 4.828.7 ± 5.72.5180.047Albumin (g/L)34.1 ± 6.838.5 ± 4.230.1 ± 6.425.7 ± 5.310.217\<0.001Hemoglobin (g/L)113.2 ± 18.7126.4 ± 12.3111.5 ± 15.298.4 ± 13.49.754\<0.001Lymphocyte count (×10^9^/L)1.4 ± 0.571.7 ± 0.521.2 ± 0.430.9 ± 0.3811.237\<0.001

Further regression analysis suggested that combined diabetes (OR 2.12; 95% CI 1.92--3.21), low calf circumference (OR 2.42; 95% CI 2.29--3.53), and low albumin (OR 2.98; 95% CI 2.43--5.19) were independent risk factors for malnutrition (Table [2](#Tab2){ref-type="table"}).Table 2Multiple logistic regression models for the variables associated with malnutrition.VariablesBSEWalddfOR*P* value95% CIDiabetes mellitus0.0760.0368.32212.120.0061.92--3.21Calf circumference0.6820.4196.35212.420.0272.29--3.53Albumin0.6180.5267.36712.980.0052.43--5.19

Discussion {#Sec9}
==========

SARS-CoV-2 was a commonly susceptible RNA virus that had spread to 25 countries or regions \[[@CR9]\], and the number of confirmed infections named COVID-19 had exceeded 70,000 in China \[[@CR1], [@CR5]\]. Pulmonary infection was the main disease induced by the virus and was called neo-coronavirus pneumonia \[[@CR10]\]. Currently, there was still lack of effective specific drug treatment in clinical practice, and supportive treatment was still the main treatment \[[@CR11], [@CR12]\]. The overall prognosis of elderly patients was worse than that of young and middle-aged patients. One reason may be the poor nutritional status of elderly patients. Our cross-sectional study found that 27.5% of patients over 65 years old were at risk of malnutrition and 52.7% were malnourished, which was generally higher than that of elderly patients with other disease spectrums \[[@CR13]\].

Malnutrition was a nutritional disorder that caused adverse reactions to normal human functioning and was more common in elderly patient groups \[[@CR14]\]. A study that summarized 12 countries or regions found that the overall incidence of malnutrition in the elderly was about 23%, with a 50.5% higher incidence in rehabilitation institutions and a 38.7% incidence in hospitalized patients \[[@CR15]\]. The incidence of malnutrition in elderly patients with COVID-19 was higher. The main reasons may be as follows. First, the protein that made up muscles was consumed by the acute inflammatory response of neo-coronavirus infection. Patients' inflammation indicators increased generally, such as C-reactive protein, ferritin, tumor necrosis factor alpha, interleukin family factors, etc \[[@CR16]\]. The synthesis of these acute-phase proteins required the consumption of albumin and even muscle protein \[[@CR16]\]. This was consistent with the results of the regression analysis of the study. The patient's albumin level and calf circumference were significantly lower. Similarly, hypoalbuminemia and low calf circumference were commonly used as important indicators for evaluating malnutrition \[[@CR17], [@CR18]\]. Second, among elderly patients with COVID-19, comorbidity in diabetes mellitus was much more than general population. In other words, high rates of comorbid diabetes mellitus led to higher rates of malnutrition in elderly patients with COVID-19. Diabetes patients due to their own internal glandular dysfunction, had disorders in metabolism of the three major nutrients, which was the internal cause of malnutrition \[[@CR19], [@CR20]\]. At the same time, diabetic patients' diet control, improper nutrient ratio and other factors were external causes of malnutrition \[[@CR21]\]. Moreover, the inflammatory response caused by SARS-CoV-2 and the application of glucocorticoids resulted in fluctuations in blood glucose, which was related to pathogenesis \[[@CR22]\]. Third, gastrointestinal symptoms caused by SARS-CoV-2 exacerbated malnutrition in elderly patients. Angiotensin-converting enzyme 2 was also highly expressed in the gastrointestinal track \[[@CR23]\]. So the gastrointestinal tract was also the main target of SARS-CoV-2 attack \[[@CR24], [@CR25]\]. Clinically, in addition to respiratory symptoms, gastrointestinal symptoms were the most in elderly patients with COVID-19. Diarrhea, mild abdominal pain, nausea, vomiting, poor appetite, and other symptoms were very common \[[@CR26]\]. The involvement of the digestive tract had accelerated the occurrence of malnutrition in elderly patients with COVID-19. Fourth, the poor appetite of the patients was also related to the patient's anxiety \[[@CR27]\]. The Chinese experienced the epidemic of SARS induced by coronavirus in 2003, just like COVID-19. People were so impressed with the SARS epidemic that many patients still had psychological problems after 6 years \[[@CR28]\]. Therefore, Chinese were very sensitive to COVID-19, and its epidemic could easily cause anxiety among patients. Patients' fear of their own illness, worrying about long-term isolation, and desire for normal social communication, led to anxiety, which further reduced the appetite of the patient and further aggravated malnutrition. At the same time, anxiety disrupted homeostasis \[[@CR29]\], which was also a contributing factor to malnutrition.

There are some limitations in the present study. First, it was a single-center study. The hospital for treating patients with COVID-19 was designated by government. And admitted patients were also designated by the government. So there must be some selective bias. Second, there must be some other risk factors, such as lifestyle habits, physical activity and social support, may also significantly affect the nutritional conditions of patients, but these factors were not analyzed in the current study. Hence, more future studies need to be carried out to further clarify these issues.

In conclusion, there was a high prevalence of malnutrition in elderly patients with COVID-19 in Wuhan, China. For clinical practice, nutritional support should be strengthened, especially for elderly patients with diabetes mellitus, low calf circumference, or low albumin.
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